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Sealing Structure for Multi-chip Module 

BACKGROUND OF THE INVENTION 
This invention relates to a sealing and cooling mechanism for multi-chip 
modules and more particularly to a sealing stincture for multi-chip modules formed by 
ZLllly scaling high-performance semiconductor devices over a suhstrate for use m 

computers and ^ ^ ^ ^ ^ ^ md ^ 

capacity of computers, semiconductor devices are increasingly faster and more densely 
XL. A, I same time, however, - urease ta beat emitted by sen— r 
JL resulting from their growing power consumption is posmg 
with theproblem of reliability of stable operation of semiconductor devices. Espe^ly 
"multi-chip modules wherein a ,arge number of semiconductor devices are mounted 
a Z suhslte wired in high density, mis increased heating poses a maior chaUenge ,„ 
configure a satisfactory cooling structure. 

On the other hand, to maintain the environmental stability of 
semiconductor devices and their cooling performance as modules for 

r . valine structure which can hermetically enclose semiconductor devices and 
r — efneiency of thermal conduction within modules is a 
major technica! problem. One known sealing structure for multi-chip modules « 
disclosed in, for insfcnee, "MCM-D/C Apphcation for High Performance ModiUe, 
P ro M of, 996 ****** Conferee on Multi-chip 

This sealing structure is described below w,fh reference to Ftg. 5. to Ftg. 
5 ategenumberofsemiconducti.rdevicesnaremoun.edoverawiringboardll 

— pins 13- AcapboardUconsistingofahighlythermallyconductive 
mput/output pins 13. A p ^ circ umference of the wiring board 

materials, covering the wrnng board 11, is fixed to the ,,„„ rrfevice s 
13 with solder 18 to hermetically seal the module. B«ween the sennconductor devices 
12 cap board .6 is provided a thermally conductive means, known as thermally 
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conductive compounds 14, each matching one or another of the semrconduc or dev.ce, 
n to transmit the heat emitted by the semiconductor devices 12 to the cap board. Over 
^ top surface of the cap board 16 is fitted an air-cooied heat sir* 17 ,0 radiate heat from 
m esemicondnctordevicesl2transmittedviathecapboardl6. 

The above-described sealing structure for multi-chip modules mvolves 
severai problems ofreliabiHtyof me sealing connection and cooling performance. Inthe 
above-cited structure described in "MCM-D/C Application for High Performance 
Module," Proceed of International Conference on Mutti-cMp Moaules,^- 
74 highly thermally conductive metals, such as aluminum and copper, are used for the 
cap and me heat sink to secure satisfactory cooling performance. 

On the other hand, a ceramic material, such as alumina ceramic, .s used for 
the wiring board to facilitate fine multi-layered wiring. Because aluminum and copper 
constitute the cap board or hea, sink, and have higher rates of thermal expanse rr than 
ceramics, the disparity in thermal expansion between the cap board and hea, smk on* 
one band and the wiring board on the other hand, widens with an mcrease ,n the ov«all 
heat emission of the modules and/or in the wiring board size. Because the cap board and 
the wiring board are fixed with solder in the described stature, deformahon m the 
horizontal direction is constrained with the solder-fixed par, as the constranung potn, as 

, The quantity of thermal deformation with respect ,o a module of 1 50 mm 

square in size, using aluminum (24 x .<rt-C in thermal expansion coefficient) for me cap 
1 alumina ceramic (7 x 10 VC in therma, expansion coefficient) for the wrmg board ,s 
calculated below. Whereas semiconductor devices are usually cooled to keep the* 
temperature a, or below 80°C, the temperature of the wiring board then " 

,5 and that of the cap, around 60°C, though it may vary with the coohng method. Therefore, 

ZL level from *e center ,0 a comer of the module can be ca,cu,ated by the followmg 

equation (1): . 

AL = LX(alATl-la2AT2) V> 

3Q AL: Relative quantity of thermal deformation 

L: Length of member (= 150N2) 

al: Linear expansion coefficient of wiring board (= 7 x 10 ^C) 
ATI : Temperature change of wiring board (= 80 - 20 = 60°C) 



<x2: Linear expansion coefficient of cap (- 24 X 1 0 6 /°C) 
AT2: Temperature change of cap (= 60 - 20 = 40°C) 
The relative quantity of thermal deformation predicted by using 
Equation (1) is 57 urn. If this relative quantity in the horizontal direction is constrained, 
the module will be bent in the vertical direction by a bimetal effect, resulting m an 
expanding gap between the cap and the wiring board. Thus, the gap in the thermally 
conductive compound part applied between the cap and the semiconductor devices will 
increase, deteriorating the cooling performance, making it more difficult to maintain at a 
satisfactory level. Moreover, as this thermal deformation gives rise to a large stress in the 
solder-fixed portion as well, the ceramic and/or the solder part may be destroyed, 
reducing reliability as well. 

SUMMARY OF THE INVENTION 
The present invention improves the above-noted problematic aspects of the 
prior art and provides a sealing structure for multi-chip modules, which enhances 
reliability while providing superior cooling performance. In one embodiment, a structure 
is provided in which materials subject to significant elastic deformation, such as rubber 
and plastics, intervene in fastening parts between members differing in thermal 
expansion. The deformation of these elastic materials absorbs the relative thermal 
deformation between the members along with variations in temperature. In another 
embodiment a structure is provided in which smoothly sliding materials, such as plashes, 
intervene in the fastening part between members differing in thermal expansion and the 
sliding of these materials absorbs the relative thermal deformation between the members 
with variations in temperature. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 . illustrates a cross section of a sealing and cooling mechanism for 
multi-chip modules in a first preferred embodiment; 

Fig. 2 illustrates a cross section of a sealing and cooling mechanism for 

0 multi-chip modules in a second preferred embodiment; 

Fig. 3 illustrates a cross section of a sealing and cooling mechanism for 
multi-chip modules in a third preferred embodiment; 
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Fig. 4 illustrates a cross section of a sealing and cooling mechanism for 
multi-chip modules in a fourth preferred embodiment; and 

mum cmp cooling mechanism for 

Fig. 5 illustrates a cross section ot a sealing .mu >. » 

multi-chip modules according to the prior art. 

DESCRIPTION OF THE SPECIFIC EMBODIMENTS 
Fig 1 is a cross section of a sealing structure for multi-chip modules, 
illustrating me configuration ofafirs. preferred embodiment ofme invention. In me 
trr!fFi e 1 aWnumberofsemiconductordevices2.emoun.edoveraw.nng 
structure ofFig.l, a large n ^ wiring board 1 consists of a material which 

board 1 consisting of a ceramic material. The wiring boar 

is compatible with the semiconductor devices 2 in thermal expansion rate. On the bottom 

side of the wiring board 1 are provided input/output puis 3 

The under face of a frame 5, consisting of a ferronickel alloy which 
compatible with me wiring board 3 in tiiermal expansion rate, is mutually ^ 
.older bond S with the face of the wiring board 1 over which die semiconductor devices 

" ^ The upper par, ofme frame 5 extends outside me wiring board ., and the 
upper face of die frame 5 constitii.es a flange face in which an O- ring groove is cut The 
Tp r and lower faces of.be circumference of an air-cooled hea, sin, , co^ng of 
, aLnum, copper or tile l*e, a materia, incompatible wim die frame 5 , — 
expansion rare, constitute flange faces, and a highly elastic rabber (Km. 15 - *— 
Jween the under flange face and the upper O-ring-grooved face of die frame 5 

Hermetic sealing is achieved by placing a plastic member 6 excelhng in 
re ,a,ive sliding ease over the upper face of the circumference of the air-cooled hea, sink 7 
„ upper face of die p,astic member 6 a, me inside middle siage of an upper 

ZZ and Jening .ogether the lower part of «ie upper frame 10 and die frame 5 wrfli 

hnlts 9 to squeeze the rubber O-ring 15. 

Agapallowmgformeprecisionofassemblyandmedifferencemmennal 

expansion is provided between the side face of me inside middle stage ofthe upper ta. 
3„ 7oZ that of the circumference ofme air-cooled hea, sin, 7, and a fine gap ,s provided 
.Tlthe upper face ofthe frame 5 and die under face ofme circumference ofthe a,, 

by me rubber O-ring ,5. Thus deformation ofme module in its vertical direction ,s 



restrained by preventing the air-cooled heat sink 7 from constraining relative thermal 
deformation in the horizontal direction of the upper frame 10, frame 5 and wiring board 1 . 

Between the air-cooled heat sink 7 and the semiconductor devices 2 are 
provided thermally conductive compounds 4, each matching one or another of the 
semiconductor devices 2. By restraining the deformation of the modules in the vertical 
direction, the spacing of the thermally conductive compounds 4 is kept constant to secure 
a high level of cooling performance. Further, the stress occurring in the solder bond 8 
engaging the frame 5 and the wiring board 1 with each other is reduced, and a high level 
of connection reliability of the sealing part is thereby secured. 

Fig. 2 is a cross section of a sealing structure for multi-chip modules, 
illustrating the configuration of a second preferred embodiment of the invention. This 
second embodiment is the same as the first embodiment except that another rubber 
O-ring 15 is provided over the circumference of the air-cooled heat sink 7 and an O-ring 
groove is cut into the inside middle stage of the upper frame 10. In other words, the 
second rubber O-ring 1 5 is used in place of the plastic member 6 in Fig. 1 . 

Fig. 3 is a cross section of a sealing structure for multi-chip modules, 
pertaining to a third preferred embodiment of the invention. In this third embodiment, an 
O-ring groove is provided in each of the middle stage of the frame 5 and the under face of 
the upper frame 10, and fastening is accomplished on the circumference of the air-cooled 
0 heat sink 7 with bolts 9 via rubber O-rings 1 5. Further, between the side face of the 
middle stage of the frame 5 and that of the periphery of the air-cooled heat sink 7, the 
positioning of the air-cooled heat sink 7 in the horizontal direction is set via a rubber 
member 19, which is elastic enough to absorb the difference in thermal expansion 
between the frame 5 and the heat sink 7. This embodiment is the same as the first 

>5 embodiment, except in these respects. 

Fig. 4 is a cross section of a sealing structure for multi-chip modules, 
pertaining to a fourth preferred embodiment of the invention. In this fourth embodiment, 
a highly hermetic and elastic packing 20 is used in place of the rubber O-rings 15 and 
rubber member 19 in the third embodiment, and the frame is clear of the O-ring groove. 
30 In other respects, this embodiment is the same as the third embodiment. 

The present invention makes it possible to realize a sealing structure for 
multi-chip modules which can achieve a high packaging density for semiconductor 
devices emitting high temperature heat and high reliability for sealing connection. 



The preceding has been a description of the preferred embodiment of the 
invention. It will be appreciated that deviations and modifications can be made without 
departing from the scope of the invention, which is defined by the appended claims. 
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